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Summary

Thetests,conductedattheGuggenheimAeronauticLabora-

toryofStanfordUniversity,to investigatethephenomenonof

separationIntheairflowpastgeometricbodiesaredescribed

inthisreport.

Thee~erimentalworkconsistedofwind-tunnelpressure- ___

dlstributiontestsanddeterminationsof thelineof separation

on onecircularandtwoellipticalcylinders.Allthreemodels

hadthesameperimeter,andweremountedinthetunnelsoasto

givetwo-dimensionalflowsymmetricalaboutthemajoraxis.
%]%33 4* (l-“=r“

Thespeedsoftestemployedwereapproximately40,57,?2,and

92 feetpersecond.Theoreticalpressure-distributionsforthe

modelswerecomputedforpurposesofcomparison.

Thetestsshowa recessionofthelineofseparationand

an improvemefitoftheagreementbetweentheexyerimentiland

theoreticalpressure-distributionswithan increaseineither

finenessratioorvelocity.A givenincrementof velocitypro-

ducesa constantrecessionof thelineof separationregardless

offinenessratio.Foreachmodel,irrespectiveof scale,sep-— .—
*Thesissubmittedinp~ti~ f~fillmentoftherequirements
thedegreeofEn$ineerinMechanicalEngineeringAeronautics
StanfordUniversity.
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arationoccursafteradversepressuresactthxougha const~t

distance.Thisdistance,however,increaseswithfinenessratio.

Themostimportantresultof theinvestigationistheunique

relation@ich wasfoundtoexistbetweenthepressureatthe

pointofseparationandtheminimumpressure.Theratioof

thesepressures,thepressuresbeingreckonedfromstagn~,tion

pressureasa datum,isshowntoapproximate91fandZsinde-

pendentofch~angeofseed.eor finenessratio.

Int r o duc t i on

An idealfluidflowingpasta disturbingbodydividesat

thenoseofthebody,streamsalongthesides,withperfect

slip,totherearwhereitunitesandcontinuesdownstreamwith–

outturbulenceorlossofenergytothesystem.Realfluidmo-

tion,however,separatesfromtheafterportionofthedisturb-

ingbodywherea wakeisformed,andenergyisexpendedindrag-

gingthisregionalongbehindthebody. Thisturbulentarea

originatesintheboundarylayerwhere,undertheinfluenceof

anunknownsequenceofevents,theflowdepartsfromthesolid

generatingvortexsheets,whichhoundthe:deadwater”region.

Wherethewakeis small,viscousforcesoutsidetheboundsxy

layerarenegligible(Reference1) andaredisregardedinthe
in

outerregion/whichthefluid,exceptforthepresenceofthe

wake,behavesessentiallyas anidealfluid.

Whenthewwe i~large,asitoftenisinpractice,a con-
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siderablelossof energy,chargeabletoformdrag,occurs.The

problemofreducingthislossisa difficultoneanditssolu-

tionisimpededby thepresentlackofknowledgeconcerning

boundary-layerphenomena.T& efficiencyofanairfoilis still

limited,because,at-acertaincritical”attitude,fora given

wingprofile,separationoccursovertheuppersurface,which

sohindersthecirculationthatthe.liftdecreasesandtheform

dragbecomeslaxge.Itisknownthatformdragisproportional .d
to thestrengthandbreadthofthevortex@reet dischargedfrom ~
\
thesurfacesof solidbodies(References2 and3),butthese

valuescannotbepredictedby theoryandtheproblemofform

dragremainsunsolved.

Atpresent,itisbelievedthataflow ofa realfluid

arounda solidbodywithoutanywakeor separationdoesnotex-

ist. Thelocationofthelineof separationandthewidthof

waJceaxeknowntovarywithReynoldsWm’ber.It isalsoa cux-

renttheorythatseparationoccursonlyinthepresenceofan

adversepressuregradient,andthatitisprecededby marked

thickeningandretardatioriof thelayeroffluidwhichisunder-

goingshear.Twotypesofboundary-layerflowappearpossible,

laminaxorturbulentflow. Ithasrecentlybeens~~gested(Ref–

erences4 and5) thattransitionfromthelaminarto theturbu-

lenttypeischaracterizedby a rapidthickeningofthelayer.

Thethicknessvaries~th ~~~~v for~amin~flowover‘lst

plates(Reference6),~andaccordingtoVonKsmmn,thethick-
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nessforturbulentflowisproportionalto Xo”so If 5 isthe’

thicknessoftheboundarylayer,transitionfromlamina.rto

tru?bulentflowcsmbe showntooccurwhena criticalvalueof

ReynoldsNumberV6Iv,“isreached.(Reference4).

Ifsomereliablecriteriawereavailableforthepredic--

tionofthelineof separation,a moreintelligentattackupon

theproblemofboundary-layercontrolcouldbemade. Theknown

methodsofcontrolare: to acceleratethesurfacelayerbefore

itreachestheposition”atwhiohseparationnormallyoccurs,

andto delayseparationby removingthestagnantfluid-layeras

it forms.Thelattermethodhashadlittlepracticalapplicw

tion,whiletheformerisusedinwingslots,theN.A.C.A.type

of enginecowling,etc. Ifefficientcontrolofrealfluidmo-

tionistobe attained,moreinformationrelativetoboundary-

layerphenomenaisneeded.

Thepurposeofthisinvestigationwastostudytheinflu-

encesofpressureandvelocitydistributions,andofReynolds

Numberuponseparationoftheflowfromthesurfacesof solid

bodies.Cylindershavingquadricsections,tofacilitatepre-

dictionoftheoreticalflowcharacteristics,werepreparedfor

pressure-distributiontestingandforde$erminati.onoftheline..
of separation.A~ltheperimeterswere’madeequalto afforda

basisofcomparisonbetweenmodels.Itwashopedthatcorrela-.
tionandanalysisoftheresultsmightleadtotheidentifica-

tionofconditionsforseparation.
Pagesincorrectlynumbered(5 notused)- noomissionof text.
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Models~d Apparatus

Thethreecylinderswhichweretestedhaveequalperimeters

nndfinenessratiosof 1.0,1.5,and4.0. Theircrosssections.
zre: ModelA, circular,6[1diameter;ModelB, elliptical,major

axis7.12811,Canalminoraxis4~752ft;ModelC, elliptical,with

majorandminoraxesof8.79211nnd2.1981!,respectively.Each

modelconsistedofan accurately-mo.chi.ned,brasscentersection,

eightinchesinlength,extendedbeyondthelimitsofairstream

by twolaminatedredwoodendpieces,ordummies.An internal

tensiontierodrunningtheentirelengthofthemodelstiffened

itagainstairloads.Figures1,2,3,and4 arephotographsof

thecylinders.

Pressureleadsof coppertubing,0.05211outsidediameter,

weresweatedintoholesdrilledintheoentersection(Figure8),

at thelocationsgiveninTableI;thetubesextendlengthwise

throughthemodeltoa manometer.Toalignthemodelintothe

wind,twocheckpressureorificeswereprovidedonopposite

sidesof themodel,equidistantfromthenose. Thelocationof

theseorificeswasdeterminedby an inspectionof thetheoretical

pressure-distributioncurvesforeachmodel.Theywereintended

tobeplncedwherethepressuregradient.waslarge.

ThecentersectionisaccuratetoO.001~1intheoffsets.

Theendpieceswereyerified,by‘applicationoftheirconstruc-

tiontemplates,toO.O1ll;however,a slighttwistwaspresentin .

theellipticaldummiesatdistancesof241!fromthecenterseotion.
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Themodels,setup fortest,wereplacedinthetunnel.

to givetwo-dimensionalflowsymmetricalaboutthemajoraxis.

Thetestswereconductedinan opencircuit,free-jet

typeofwindtunnel,witha throatdiameterofeightfeetand

a free~.jetlengthof sixd?eet.

A pressureoperatedregulator,whichcontrolledthefan

speed,limitedthevariationinair-streamvelocityto*0.5~.

Thedifferentialpressurebalance(Fig.5)measuresthe

pressurereductionintheexperimentchamber.

Pressurecomponentsnormalto thesurfaceofthecenter

sectionweremeasuredby a liquid-filled,multiple-tubemanom-

eter(Figs.6 and7). Tubeswereleftopenat intervalsalong

themanometertodeterminea referencelineof staticpressure.

Silhouettemanometerreoordswereobtainedina darkenedroom

withphotographicpaperandan ele~triclight(Fig.9). The

methodwasaccurateinsofaras theerrorsduetoparallax

andshrinkagewerenegligible.

MethodofTest

Thepressurereductionata statiopressureplateinthe

entrancecone,so~edistanceupstreamfromthee~erimentsec-

tion,isa measureofthedynamicpressureofthejet. The

relationshipisobtainedby a surveyofthefreejetwithan

N.A.C.A.Pitottube,andisconstantregardlessoftheobstruo-

t’ionsplacedinthejet. Forconvenienceintesting,it is
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desirabletoobtainthedynnmiepressureofthejot q, by a

measurementofthepressurereductionintheexperimentchanber,

or theroondepression.Therelationbetweenq andtheroon

depression.is,however,nodifiedby theintroductionofdestruc-

tionsinthejet. Thisuodificntionnecessitatesa calibration

ofrooudepressionintmms ofthereductionofpressureat the

staticplate.Thozefore,a separatecalibrationwasmadefor

eachnodel.

Correctalignnent

aboutitslongitudinal

wasobtainedby therotationofthenodel

axisuntilthepressureswereequalat

thetwoorificessyunetricallylocatedwithrespect,tothenod-

el~snose. Thee.ligmentwascheckedforegchtest.

Thediscoveryofanapparentscnleeffectuponthesymne-

tryofflowaboutModelB wastracedto smallerrorsinorifi=,
locationandasyqnetryofthewoodensectionsoftheno~el.

TOobtainsymnetricflowaroundthetestsectionitwasneces-

sarytoadjusttheuodelto sucha positionthatthepressures

at theauxiliaryorificeanda syrmetricpointontheopposite

side(looatadbetweenorifices)wereequal.Thepressureat

thesyrmetricpointwasobtainedby a graphicalinterpolation

betweenobservedpressuresforadjacentorifices.

Theasymmetryofthewoodensectionsof themodelproduced

a change$nthedire,otionoftheairstreamwhichvariedapprox-

imately1.5° withintherangeof speedsooveredby thetests.

An auxiliarytestdemonstrated,in sofar

thetestsectionwasconcerned,thatthis

as theflowaround

asymmtryhadno im-
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portantinfluenceuponanythingbuttheeffectiveairstream

directionandthatreliableresultsmightbe obtainedby re-

aligningthemodelfor.eachspeed.Thetestreferredto oon-

~i,stedinattachingto themodel,2 feetaftofthenose,a

36i~x ~~ix ~ilwoodenstrip,toobservetheeffectofcontourir-

regularitiesupontheflowpattern.Theresultwastheproduc-

tionofno visibleeffectuponthepressuresat thetestsec-

tionuntilthetipofthestripcanewithin~f!oftherowof

pressureorifices.

Throughan errorinthedesignofModelC thecheekori-

ficeswereplaoedat a positioncorrespondingtothatonthe

othermodels.Thislooationisnotona steepportionof the

pressuxecurve;thesensitivityinalignment,therefore,is

notcomparablewiththatoftheother

previouslyusedwasnotsatisfactory.

C consistedofthemeasurementofthe

models,henoethemethod

FinalaligrmentofModel

nosepressureovera suf-

ficientrangeofangularsettingstodefinea maximumvalue.

Themodel,whenplacedat theangularsettingcorrespondingto

themaximuqvalueofthenosepressure,wasinaccuratealign-

mentto+0.2°,anamountcomparabletothedegreeofaccuracy

inthealignmentof theprecedingmodels.As inModelB, the

asymmetryofthewoodsectionsofthemodelproduoeda changein

air-streamdirectionnecessitatingalignmentforeaohspeed.

Eachpressure-distributiontestconsistedinthemakingof

a manometerrecord,andtherecordingofdatanecessaryforve-
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locitydetermination.Twotestsweremadeat eachspeed.

Thelineof separationwasdeteriiinedat velocitiescorre-

spondingtothoseatwhichpressure-distributiontestswere

taken.Themethodusedwastodischargehydrogensulphidegas,

fromthepressureorifi~s,overa freshlypaintedbandofwhite

leadonthesurfaceofthecentersection.Thegaswassupplied
to individualorificesata pressurepracticallyequaltothe

surfacepressure,therebyeliminatinganyviolentejectionof

thegas. Thetrendoftheboundary-layerflowwasestablishedby

theappearanceofa brownstainformedwhenthe~s reactedwith

thewhitelead.Intheseteststhefarthestforwardevidence .
, ofreverseflowindicatedthelineof separation;theturbulent

effectontheafterportionofthemodelWas

Resu

Theresultsofthevelocity

andareself-e~lanatory.

lts

calibrations

neglected.

appar inTableII

Resultsofthepressure-distributiontestsaretabulatedin
+

TablesIII,IV,andV, andarepresentedingraphicalformin

Figures10-21inclusive.Pressuresaree~ressedintheform

‘/pn3 theratioof thepressureatanypointontheperimeter

to thenosepressure,andareindependentofvelocity.Thepo-
sitionsoftheorificesaredefined

distancefromthenose,ininches.

Theresultsandexplnxmtionof

intermsoftheperipheral

thesymbolictabulation
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of theteststodeterminethelineof separationarefoundin

TableVI, andaregraphicallyrepresentedinFigure22. General

diffusionofthegaswithoutdefinitedirectionof staining,

whenprecededby rearwardflowandfollowedby forwardflow,is

takenas an indicationof separation.

Thetheoreticalpressure-distributions,forthemodelstest-

ed,weredeterminedanalytically(Reference7),as mown in

TableVII,andareplottedinFi=mes23,24,and25.

D i s cus s i on,

Thetheoreticalande~erimentalpressure-distribution

curvesofModelA aregroupedforcomparisonas showninFigure-.
26. SimilargraphsforModelsB andC areshowninFigures27

and28.

A quantitativeanalysisofthesepressuredistributionswill

notbe attemptedbecause,inthemethodoftestemployed,only

pressurecomponentsnormalto thesurfacearemeasuredandbe-

cause,it isnotknownwhetherthispressureisgeneratedsolely

by flowintheouterregion,orwhetheritisdue$0thecombined

effectsofouterfluidmotionandboundary-layerflow. Qualita-

tiveconclusionsof somemerit,however,maybe drawnfroma

studyofthetestresults.

By comparingthecurvesofFigures26,27,and28 eitheras

distinctfamiliesoras correspondingourvesofeachgroup,it

canbe seenthattheinfluenceofchangein shapeisimportant.
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As thefinenessratio,i.e.,theratioofmaxinunlengthtomax-

inunwidthof section,increases,a retrogradenovenentofthe

lineof separationoccurs,sothat,foranyvelocityoverthe

rangeinvestigated,a givenincrementoffinenessratiopro-

ducesa constantshiftinthepositionofthelineof separation;

thecurvesofFigure22are,therefore,parallel.Fora given.
finenessratio,a studyoftheresultsshowsthatthedistance

betweenthepointofnininunpressureandthelineof separa-

tionis constantregardlessof speed,andthatthisdistance

increaseswithan increaseinfinenessratio(TableVIII).Evi-

denceofpressure-dragreductionisfoundinthefactthatthe

discrepancybetweentheoreticalande~erinentalpressure-

distrib.utiondecreaseswithan increaseinfineness-w%kko.

Fror~a considerationofanyoneofthethreegroupsof—
curves(Figs.26,27,and28)it isevidentthattheeffectsof

changein scaleareanalogousto thoseproducedby alteration

of shape.& thescaleoftestincreases,theline

tionrecedesandthepressuredragisreduced.The

theexperimentaltotheidealpressuredistribution

of separa-

approachof

withan in-

creasein scaleismorerapidandworeconsistentforModelA

than forotheraodels.ThetestsofHodelsB andC agreemore

nearlywiththeresultspredictedby theory.Thisisdueto

thefactthatinthecasesofMqdelsB andC,thecriticalve-

locityhasbeengreatlyexceededsothattheboundarylayer

becomesturbulentbeforeseparationand,consequently,separa-
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tionisdelayed.Intheca~eofModelA, theb.ountkzrylayeris

lnminarup totheseparationpointat thelowestspeed,andat

other,speedstheflowisinthetransitionstage.

A relation,independentofeitherchangeof scaleorfine-

nessratio,wasfoundtoexistbetweenthepressureat the

pointof separationandtheminimumpressure.Thepressures

werereckonedfromstagnationpressure.ThevalueofthisXatio

isapproximately91?as determinedinTableVIII. Ifthemeas-

uredpressuresindicatekineticenergy,thenseparationoccurs

afterapproximately9% ofthe

inthetesthasabeenreturned

pressureenergy.

A comparisonoftestson

scribedinReference5, shows

maxiraumkinetioenergyavailable

tothesystemaspotentialor

ModelA withthecylindertestsde-

goodagreement,as tosoaleef-

fect,eventhoughdifferenttunnelsandtestmethodswereused.

Thepresenttests,however,failtoconsistentlycheckthecon-

clusiondrawninReference5,thatthemarkedinflectioninthe

pressure-distributioncurveindicatestheregionof separation.

O onc lU s i on

Theconclusionsdrawnfromthisworkmaybe summarizedas

follows:

1. Theeffectofan increaseineitherfinenessratioor

velocity,or both,ontheairflowarounda simple,quadric

cylinderisa recessionofthelineof separation.
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2. An improvement

No.354

inagreeaentbetweenthe

14-

experimental

andtheoreticalpressuredistributions,resultinginthereduo-

tionofpressuredrag,acc’o~aniesam increaseineither&ine-
nessratioor scaleof test.

3. Foranygivenincrementofvelocity,thereisa con-

stnntrecessionofthelineof separationregardlessofthe

.finenessratio.

4* Theperipheraldistancebetweenthepointofnininun

pressureandthelineof separationre-nainsconstantforeach

modelthroughouttherangeofReynoldsNumberinvestigated.An

i,ncrea8einfinenessratioincreasesthisdistance.

5. Theratiobetweenthepressureat the~ineof separa-

tionandtheminiaunpressure,thepressuresbeingreckonedfrom
stagnationpressure,rene.insa constantvalueofapproximately

91%forallthenodels,regardlessof thevelocity.Hence,if
pressurereductionindicatesconversionofpotentialenergyinto

kineticenergy,thenseparationoccusafterapproxinatoly9% of

thenaximxakineticenergyoftheparticlehasbeenreturnedto

thesystemaspressureener~~.

Inthecourseof

lensinvitingfurther

thesemightbe @faid

thisinvestigationnanyinterestingprob-

studypresented‘themselves.A sunmaryof

forfutureii~vestigators,anda feware

outlin~dbrieflyasfollows:

1. A determinationoftheeffeotof initialturbulence

upontheboundary-layerflow,
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A studyof theeffectofyawandchangeofperimeter

resultsobtainedinthisinvestigation.

Thepredictionofthepointof separationthroughsome

methodotherthanthatofexperimentallyderivedpressuremaps.
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TABLEI

ORIFICE~ERZPHERALDISTANCESFROMNOSE

16

Model
A
in.

Model
B
ip.

Model
c
in.

Orifice

-?OO03
-!-O*22
0048
0.76
1001
1?55
2.07
2934
2.60

O*OO
0.28
0053
0.80
1.04

0,00
0,26
0053
0.?9
1.05
1P58
2010
2,63
3915
3042

105~
2.10
2,63

9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

::

3.14
3.41
3*66
3,94
4.20
4.48
4.74
4;88
5.02

2,87
3.133;68

3,83 3.40
3.56
3,92
4,18
4*46
4.?0
4.82
4.97

3:99
4.14
4?30
4.46
4*62
4.?7
4.93
5.09
5.25

.

.
5~18
5.33

5.12
5.27

5.49
5.65
5.78
5.94
6.09

5*51
5.?7

5.43
5.58
5.7’5
5.90
6,07
6s2~
6.39
6,54

6,03
6.29
6.55
6.82
7*35

6:27
6.&l

27
“28

6.59
6.73
6.8929

30
31
32
33
34
35
36
37

%
40
41

7.87
8939 6.?1

6.86
7:06
7.238.91

9043 7.01
7.19
7.33
7.59
?’.84
8.11
8?36
8.63
8*88
9.43

?.38
?.54
7:70
7.85
8.12
8~37
8.62

----
----
----
----
----
----

8.90
9.16
9.43

----
----
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TABLEII

VelocityCalibration

= dyncmicpressureinlb./sq.ft.
~.D. n reductioninpressureinexperimentchamber,lb./sq.ft.
Ps = staticpressureinentrancecone,lb./sq.ft.

Freejot c&..D Ps/R.D..+-~.
On jotaxis 0;8666 0~800H
2411abovejeta:is 0,8599 0.7976
241!below ‘f 0~8198 0,7980
2411rightof jetaxis O.8~04 0.80U9
24[1leftof jetaxis o●86?9 0:7965

Average 0.8569 m.

cl= *P V2 =+ ~ =0,8569R.D.
g . –“—----

ModelA: Ps lb./sq.ft. R.D.lb./sq.ft. P~/&D.
0;57
0091
1,48
2.11
2.99
3,93
5,95
7.04
8.50

Average

0;75 0;7600
1820 0,75-s0
1.93 0.7=64
2.77 0.7618
3.87 0,7722
5,15 0,7632
7,74 0,7686
9.20 0.7656
11.05 0;76s)0

m

Freejet: Ps/R.D.= 0,7~58
ModelA : P@ .D.= 0.7650

Ps
q ‘oDOnodelx q=

‘-D.model Ps ‘*D*freejet
R=D~freejet
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ModelB:

TABLE11 (Cont.)

VelocityCalibration

v= 0;7650~ R.D.
7“*3J 0.7988 T ‘7’27J Y ‘

Average

lb,~sq.ft.R.D.lb,/sq.ft.P@.D.
0;67 0;87
1,01 1,32
2.23 2.86
2:95
3*31
5,45 6,95
6.83 8.70
10e40 13.23

0;7700
0,7652’
0,7796
007782
0,7768
0,7840
0.7852
0:7860
m

.

ModelU:
.

Average

v= 0:7882~ R.I).
7“43~ 0.7988 ~

18

lb./sq.ft.
2.25
3,38
%,15
6.35
8.55
12.83

P@D.
0;7780
0,7902
0,7831
0,8801
0.7907
0;7872
0.7882
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TABLEIII

PressureDistribution- ~del A .-..-
R.D.lb;/sq:ft; 2;23 4.45

lb./sq.ft. 1.83 3.65
V%ocityft./see. 40.30 56.94

Orifice

A:-1
1900
10Ou
0,86
OQ6U
-0,26
0,71
1,03
1,03
0,97
1,00
0,97
0,88
0188
0,88
oq91
0,86
0,88
.Oq83
0,83
0,86
0.77
Oq77
0,77
0,77
0,77
0,77
0,77
0.71
0.74

A~lCH
1=00
1,00
0,B-8
0,6U
-0,26
0,71
1903
1,03
1,00
1,00
0,9T
0,85
0Q86
oq86
0988
0,83
O*86
Oq77
0,80
0,83
(),74
0,71
o*77
0,77
0,74
0,74
0,77
0.71
0.74

A:-2
1=00
0.97
0,87
0,57
-0,43
1,00
1,4’
1,63.
1,68
1,7g
1,76
1,54
1,6U
1~56
1?54
lq4Y
1,46
1.32
1,15
0.99
0,85
0,83
0,76
0,74
0,71
0.71
O,n
0.65
0.67

P/Pn

A:2CH
lqoo
0,97
0.87
0,60
-0,44
1,01
1*ZW
1962
1,69
1,73
1,76
1,65
1,60
1.57
1;56
lq5U
1,46
1,31
1,15
0,99
0,83
0,79
0,75
O*75
0.71
0,73.
0,39
0,54
0.65

A;-3
1?00
0,97
0,88
0,57
-0,48
1*IO
1,62
1,81
1.92
2.05
2.09
2,06
2,03
1?94
lq88
1,82
1,80
1,71
1,38
0,s7
0,56
0,48O?43
0.41
0,39
0,41
0.39
0.41
0.41

6~95 11;35
5.70 9.31
71.12 91.04

19

A-3cH A--4
Lguu
0,96
O*86
0,57
-0,51
lqm
lq65
1.85
1,95
2,07
2,12
2,09
2,0%
1.96
1;90
1,82
lq80
1,73
1*37
O,G’?
0.60
0,49
0,45
(),43
0,42
0,42
0842
0.40
0.41

. “A- 1;00
0,97
0,87
0.55
-0,53
1,16
1,72
1,88
2.05
2.19
2,26
2,28
2,27
2.25
2~13
2,08
2,02
1,96
1,75
1,15
0,76
0,49
O?39
0,35
0,33
0.34
oq34
0.33
0.33

A;4CH
1,00
0.97
0,87

-%3
1,20
1,78
1.97
2.13
2.28
2.35
2.38
2.38
2.34
2024
2.20
2,12
2,03
1,90
1,29
0,86
0,56
0Q43
0.4U
0,35
0,36
0,36
0.35
0.36
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TABLEIV

PressureDistribution- ModelB .

R.D.lb./sq,ft. 2;13 4:52 7;08 11;33
lb./sq.ft. 1.78 3.77 9.46

V~locityft./see.39.27 57.14 7::2 90.89

Orifice P/Pn

1
2
3
4

:

z

1:
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

.31
32
33

%
36
37
38
39
40
41

‘B-1
+1● 00
+ .97
+ .75
+ .44
+ .12
- .50
- .91
-1.12
-1.25
-1.34
-1,37
-1● 47
-1.50
-1.53
-1.50
-1.37
-1.37
-1.4i
-1.25
-1.25
-1.19
-1.25
-1,25
-1019
-1.15
-1.06
-1,00
- .84
- .78
- .72
-.,62
- .62
- .62
- .61
- .56
- .56
- .50
- .50
- .50
- .50
- .47

B-iCH
+1.00
+ .91
+ .72
+ *44
+ .06
- .56
- .97
-1.12
-1.28
-1.31
-1.41
-1.53
-1.53
-1.53
-1.50
-1$41
-1,31
-1*41
-1.28
-1928
-1.22
-1925
-1o25
-1.25
-1,16
-1.06
- *97
- .84
- .75
- .69
- .62
.62
.62

- .59
- .56
- .56
- *5O
- .50
- .50
- .50
- .4J

“B-2
+1.00
+ .94
+ .74
+ ,45
+ .16
- .44
- ,89
-1,O?
-z.22
-1.34
-1.41
-1~52 -1*53
-1.56 -1● 57

-1.62

&2CH
+1.00
+ .94
+ .74
+ ,44
+ .16
- ●45
– ,90
-1.08
-1.23
-1*34
-1.42

-1;60
-1.60
-1.62
-1056
-105?
-1.55
-1,54
-1,44
-1.44
-1:41
-1.39
-1.36
-1.36
-1.34
-1.29
-1,09
- .?8
- .63
- .51
- .38
- .33
- ,23
- ●19
- .15
- ●14
- .14
- .14
- .12

-1,62
-1.63
-1.56
-1.59
-1.56
-1.55
-1● 47
-1.45
-1,44
-1.40
-1.37
-1.37
-1.3?
-1● 30
-1.11

B-3
+1.00
+ .94
-1-.75
+ .47
+ 017
- .43
- .“88
-1.o~
-1.22
-1.34
-1,43
-1.54
-1.58
-1~63
-1.63
-1*66
-1.62
-1.63
-1.62
-1.61
-1.54
-1.53
-1● 51
-1*46
-1.42
-1● 41
-1.39
-1.34
-1.20

-O*Y9 -oq97
- .64 - .80
- .51
- .38
.33

- .23
- .19
- .15
- .14
- .14
- .14
- ,12

– ,65
- .52
- ,40
- .25
.18

- .14
- ●14
- 014
- .14
- .12

20

3-3CH
+1, 00
+ .95
+ .76
+ .4?
+ .19
- ,41
- .86-
-1●05
-1.20
-1*32
-1*39
-1.52
-1.56
-1,61
-1.63
-1.64
-1059
-1.63
-1● 59
-1959
-1.52
-1.52
-1● 49
-1● 45
-1● 41
-1● 39
-1.37
-1*33
-1~19
-o.9y
- .80
- .65
- .51
- ●39
- .25
- .18
- .14
- .14
- .14
-..14
- .ll

B-4
+1.00
+ .95
-I-.76
+ .47
+ .18
- .41
- .8?
-1.05
-1.20
-1.32
-1●41
-1●51
-1.55
-lQ59
-1.61
-1.63
-1.58
-1P60
-1.57
-1.57
-1.52
-1● 51
-1.48
-1● 43
-1,40
-1.37
-1.33
-1.24
-1*07
- .89
- .79
- .67
.52

- .41
.25

- .19
.15

- .16

-, .14

B-~CH
+1,00
.94
.75
.a7
.18
,40
,85
1.04
1.18
1.30
1,39
1.48
1.53
1.57
1.58
1.61
lq57
1~58
1.56
1.55
1.50
1,49
1.4?
1.42
1.38
1.35
1.31
1.22
1.05

●88
.76
.65
.52
● 40
.25
●19
.15
.15
.16
●17
.13
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TABLEV

PressureDistributionTests- M@el Cb ,
R.I).lb./sq,ft.. 2;24 4.45 “7.15 11,25

lb./sq.ft. 1.89 3.75 6.04 9*52
V~locityft./see.40.70 57,55 73000 91.60

Orifice

1
2
3

:
6

i
9
10
12
13
14
16
17
18
19

%
24
25
26
27
29,
30

‘;:
33
34
35
36
37
38

%
41

c-l
+1.00
.45
.03

- ,18
.24
s34
.42
.42
.42
.42
●45
● 45
● 47
.42
.42
.42
.42
.45
● 45
● 45
.39
.39
.39
,37
,39
● 34
● 34
.34
.39
.37
● 34
.24
.08
,11
●11
●05

cLlcIi
+1, 00

● 45
● 05
?18
.24
● 34
.42
.42
.39
.42
.45
.45
● 45
.42
..42
.42
.39
.45
.45
.39
● 39
● 39
.39
● 34
● 39
.32
.“34
.34
● 39
.34
.32
.24
●Q8
.11
.11

P/P~
C“-2 C-2CH
+1.00”+1.00
.36

- .03
.23
.29
● 39
● 45
● 47
.4?
.48
.51
● 51
.51
● 49
.49
● 49
.48
.51
,51
.49
.48
● 47
.45
.45
.45
.41
●41
●4O

:%
.31
.21
s05
● 00

+ .01

.36
- .03
.23
.29
.39
.45
,47
● 47
● 49
● 51
● 51
.52
● 51
.51
● 51
.49
.52
●51
*49
.48
.47
.47
.44
.47
-.4i
.41
.40

:$
.31
.20
●05
● 00

+ ●O1

C-3
+1.00
.34

- .04
- .24

● 31
.d_L
● 47
● 49

::
.52
.53
●54
.51
.51
.52
.50
.52
.51
93
.;:
.50
.47
.48
.47
● 44
.43
.40
● 41
.37
.27
.13

-t-.03
●10

C-3CH C-4
+1.00+1.00

● 34 .33
- .05 - ,05
.24 .24
.31 .30
.41 .40
.47 .46
.49 .47
● 49 s48
.50 ● 49
.52 ● 50
.53 .52
.54 .52
.50 ●50
.51 .50
● 53 .52
,50 ● 50
● ~~

● 50
● 51 ● 49
.50 ,.49
.49 .49
● 49 .48
.47
● 47 :Z
.46 ..44
.43 .42
..42 ● 39
.39 ● 37
.39 ● 35
,36 .32
.25 .20
●12 .06

+ .05 + .08
.10 ● 14

.08‘ .10 .13

.

21

C-4CH
+1.00
,33

- ?05
.24
,30
.40
.46
●47
● 47
,49
● 50
.52
,52
*49
● 49
.51
.49
.49
.49
● 49
.48
.48
●45
● 45
● 44
,.41
.*39

● 37
,36
.32
● 20
.06

-r-.08
●14
.13

.05 + .05 ● 05 ● 11 .12 .14 ●14
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TABLEVI

DeterminationoftheLineofSeparation

ObservationsofFlowDirection

ModelA: ‘

Orifice.
10
11
12
13
14
15
16

19
20
21
22
23
24

ModelB:

Orifice
16

19
20
21
22
23
24
25
26
27

%

A-1
Rear.
1!
!!
T.R.
T.
T.F.tl
!1
II

B-1
Rear.II
T.R.
T
T.F.
II
If
II

A-2
Rear.
!1
II
If
II
It

T.R.II
T.
T.F.
II
II
1!

B-2
ReaxII
II
If
II
II
T;R.!1
T.
T.F,II
II
II

A-3

Rear.II
II
T.R.
T
T.F.
!1
II
II
II

B-3

Rear.II
II
T.R.
It
T.F.

II
it
II

A-4

Rear.II
II
II

T.R.

:.
T.F,II

B-4

II

T.R.m
T%

II
II

22
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TABLEVI (Cent.)

DeterminationoftheLineof Separation
Observationsof FlowDirection

ModelC:

Orifice
26
2‘?
2ti
29
30
31
32
33
34
35
36
3?

c-1
Reax.
T.R.II
II
T.
T.F.1!

H

C-2

.-

Rear.,!
II
T,R,!1
T.
T-F.Ii
!I

c-3

Rear.
II
T.R.!!
T.
T.F.

II
II

c-4

Rear.
II

T, Il.
T>F.
1!
II

Rear.= rearwaxdflow.
T.R. = t~rb~entflow,rearwardtrend.
T. = tu~bul.entflow,no dominanttrend.
T.F. = t~-bulentflow,forwardtrend.

LocationofL$neofSeparation

Test

A-1
A-2

. A-3
A-4
B-1
B-2
R-3
B-4
c-1
c-2
c-3
c-4

Orifice
No.
14
18
19
21
19

25~;6
26
30
33
34

34-35

s

4.14
4.77
4.93
5.25
4.97
5.75
5.98
6.0~
7.06
7.54
7.70
?.yy

Velocity
l/see.
40.30
56.94
71.12
91.04
39.27
57.14
71.63
90.89
40.?0
57.56
?3.00
91.60

23

s = peripheraldistancefromnoseininches.
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TABLEVII

TheoreticalPressureDistribution

ModelA:
Diameter= 6!’

P/Pn = 1 - 4 sinae~
e = polarcngle,polaxcoordinates.
s = peripheraldistancefromnoseininches.

s

0.000,9~425‘0,5~4,8.901
1.047,8.378
1.571,7.854
2.094,7.331
2.618,6.807
3.142,6.283
3.666,5.759
4.190,5.235

4.712

e
0°,180°
100,1700
200 1600
30°; 150°
40°,140°
500,1300
60°,120°
70°,110°
8@, 100°

90°

24

P/Pn

+1* 0000
0.8794
0.5321
0.0000
-0.6427
-1.3473
-2.0000
-2.5321
-2.8794
-3.0000

ModelB:

P/Pn=l - (~+b)2~
b4+ C2y2

kijOr Axis= 3.564!1~= (a+ b)a= 35.2841f2
509402 =

b = Minor2A.xis= 2,37611 b~= 31.870’14

02= (a% ;2)= 7.0571!2

P/Pn= 1 - 35.284y2
31.870+ 7.057y2

Y= ordinateininches,of ellipse,majoraxiscoincident
withyy

s = peripheraldistancefromnosein inches

.

●
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TABLEVII(Cent.)

25

TheoreticalPressureDistribution
Model3:

s Y P/Pn

0.000,9.425
0.202,9.223
0.405,9.020
0.608,8.817
0.829,8.596
1.065,8.360
1.320.8.105
1.598;7.827
1.915,7.510
2.284;7.141
2.735,6.690
3.347,13P078

4.712

0.000
0.200
0,400
0.600
0.800
10000
1.200
le400
1,600
1.800
2.000
20200
2.376

+1.0000
+0.9561
-I-O.8289
+0.6309
+0.3794
+0.0936
-0.2088
-0.5132
-0.8088
-1.0886
-1.5w14
-1.5865
-1.7778

ModelC:
a+b2P/Pn=l-(b~+j~2

a = 4.396’r;(a+ b)2= = 30.195’~2
5.495

b = 1.099”;b4= 1.459”4

C2 = a2 - b2= 18.117i’2

Y = ordinate,ininches,Of ellipseyaajor~is .
coincidentwith yy

s = peripheral
s

0.000,9.425
0.101,9.324
0.216,9.209
0.351,9.074
0.522,8.903
0.727,8.698
Oo981,8.444
1.293,8.132
1.684,7.741
2.191,7.234
2.893,6.532

4.?15‘

distance
Y

o● 000
0● 100
0.200
0.300
0.400
0.500
0●600
0.700
0.800
0.900
1.000
1.099

fromnoseininches.
P/P~

+1.0000
+0.8159
+0.4468
+0.1203
-0.1087
-0.260?
-0.3620
-o● 4314
-0.4804
-0.5160
--0.5425
-0.5624
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TABLEVIII

Test q a b a/b c d c-d
lb./sq.ft.lb./sq.ft.lb./sq.ft. in. in. in.

Al 1.83 3.44 3.74 0.921 4.14 3;27 0~87
3.65 9.30 10001 4-.773.90 0.87

:.
0.921

5.70 16.10 17.80 0.905 4.93 4.05 O*8B
4 9.31 2?.90 3i.20 ._.0.895 5.25 4.35 0.90

average 0.910 average 0.88

B1 1.78 4*03 4.51 O;897 4P9~ 3:68 1.29
2 3.77 9.00 9.85 0.914 5~75 4*25 1.50
3 5.91 14.20 15.68 0.907 5.98 4.48 1*5O
4 9.46 22.30 0,90”424.~0 ._. 6.07 4.53 1.54

avero.ge 0.906 average m

cl
2

:

1.89
3*75
6.”04
9.52

2.55
5.05
8.50
12.70

2.76
5.7’0
9.25
14.48
average

Oti925
0.887
0.919
0.878
m

7.06 4.20
7.54 4955
;.;; :.;:

●

iiverc&

NOTE:

2.86
2,99
2,97
2.99
m

a = pressurereckonedfroma lineof constantpressure=
q at separation.

b = pressurereckonedfromsamereferencelineasa,at
max.suction.

c = peripheraldistanceoflineof separationfromnose
in inches..

d = peripheradistanceofmax.suctionfromnosein
inches.

.

.
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